INTRODUCTION
============

An ideal local anesthetics should be potent, reversible, low cost, stable, and easy to metabolize and emit. Furthermore, it should have rapid onset action, suitable duration of effect, and good tissue penetration. Another one of the important qualifications is that there should be no adverse effect, neither local nor systemic. Complications due to local anesthesia can be divided into three major areas; complications associated with vasoconstrictor, needle, and absorption of local anesthetics. Complications associated with the added vasoconstrictor include elevated blood pressure and increased heart rate. Another complications associated with the needle include syncope, hematoma, pain, edema, infection, paresthesia, nerve paralysis, and breakdown of needle or cartridge. Absorption of the local anesthetics include local reaction, idiosyncrasy, toxicity, and allergy or anaphylactic reaction \[[@B1]\]. In this article, we have focused on local anesthetic systemic toxicity (LAST), which refers to systemic toxicity rather than local reactions due to local anesthetics, and the usage of lipid emulsion for treatment of LAST. Lipid emulsion is mainly used as parenteral nutrition for patients in intensive care units, but it has recently been widely used as a non-specific antidote in various types of drug toxicity, including that of local anesthesia \[[@B2]\].

Paul et al. have described the toxicity caused by overdose of local anesthetics during dental treatments and the pharmacokinetic progression, and reported the importance of drug selection and safety levels of the drugs \[[@B3]\]. For the first time, Ciechanowicz et al. reviewed the use of lipid emulsion in the treatment of LAST and its effect in dentistry \[[@B4]\]. In this study, we aimed to review the predisposing factors of LAST in dentistry and present the effectiveness and mechanism of lipid emulsion as per the guidelines of this treatment.

SYSTEMIC TOXICITY OF DENTAL ANESTHESIA
======================================

1. Incidence and etiology
-------------------------

LAST refers to the complication particularly affecting the central nervous system (CNS) and cardiovascular system (CVS) due to the overdose of local anesthetics \[[@B5][@B6][@B7][@B8]\]. LAST is a life-threatening complication and reportedly occurs in 0.03% people (0.27/1,000) \[[@B9][@B10][@B11]\]. To elaborate, the order of incidence of complications from highest to lowest based on the type of block is penile, local infiltration, neuraxial, upper extremity, paravertebral, lower extremity, head and neck, topical, transversus abdominis plane, and intravenous block. Penile blocks are most commonly associated with complications, because of the large distribution of blood vessels \[[@B12]\]. This is followed by local infiltration, which is commonly used in dentistry. The order of incidence of complications from highest to lowest according to the local anesthetics used is bupivacaine, lidocaine, ropivacaine, mixture local anesthetics, levobupivacaine, chloroprocaine, and articaine. Lidocaine, the most commonly used anesthetic in dentistry, accounted for approximately 25% of complications reported. The high incidence of complications of lidocaine, which is comparative safe, could be due to its high frequency of use \[[@B13][@B14][@B15][@B16][@B17]\]. If the local anesthetics has been mainly injected directly into the blood vessel, LAST appears immediately after injection; whereas, if the anesthetic is absorbed from the blood vessels into the tissues, LAST appears over time after injection \[[@B18][@B19][@B20][@B21]\].

2. Symptoms and signs
---------------------

LAST is a fatal complication caused by overdose of local anesthesia; therefore, when symptoms occur, it should be recognized immediately. The American Society of Anesthesiologists recommends standard monitoring (electrocardiogram, blood pressure, oxygen saturation) for immediate recognition. It is helpful to talk to the patient often and check for symptoms indicating LAST \[[@B22]\]. The symptoms of fatal LAST occurring due to local anesthesia in dentistry can be divided into the CNS symptoms and CVS symptoms ([Table 1](#T1){ref-type="table"}) \[[@B4]\].

Because of the wide spectrum of symptoms related to the CNS, the adverse effects can be recognized quickly. The generalized function of local anesthetics is generally related to blood or plasma concentration. The clinical symptoms are getting stronger with higher concentrations. If the blood concentration of local anesthetics increases to 4.0--7.0 µg/L, symptoms of CNS excitation become clearer. Symptoms such as increased speech, altered mental state, anxiety, tinnitus, loss of direction, and loss of perception are observed. Following these clear symptoms of CNS excitation, a corresponding inhibition phase follows. Here, a patient may show symptoms of lethargy, loss of reaction, loss of limb motion, sleep, drowsiness, and weakness. If plasma concentration increases to 7.5--10 µg /mL, a whole-body seizure can occur \[[@B9][@B23][@B24][@B25]\]. The CNS is known as the system most sensitive to high concentrations of local anesthetics in blood. One reason for this is that all local anesthetics can penetrate the blood brain barrier (BBB). Particular attention should be paid to females of the childbearing age, because local anesthetics can pass through the placenta as well as the BBB. Local anesthetics have anticonvulsant effects at low concentrations, but may present CNS symptoms in two phases at high concentrations. Depressive phase symptoms (respiratory depression & coma) appear after the excitatory phase symptoms (tremors & convulsions) \[[@B26]\].

While the effect of local anesthetics on the CNS is inhibition or excitation depending on the concentration, the CVS toxicity is marked by inhibition. CVS toxicity includes conduction disturbances, myocardial dysfunction, changes in the peripheral vascular tone, and cardiac arrest. The first reaction to CVS toxicity is cardiac rhythm disturbance. Regular conduction is hindered by the sodium channel blockade, causing changes in the cardiac rhythm. At high concentrations, this can directly inhibit the myocardium and slow the conduction through the Purkinje fibers, thus lengthening the refractory period. Myocardial dysfunction occurs due to various mechanisms. Calcium channels and sodium-calcium exchange pump blockade are reduced to preserve calcium, ultimately reducing contractility. Local anesthetics at a concentration of ≥5.0 µg/mL show inhibitory effects on the heart functions in proportion to the dose. At a concentration of ≥10.0 µg/mL, serious circulatory collapse and asystole occur. When a cardiac arrest occurs, aggressive cardiac resuscitation is mandatory because there is no permanent damage to the heart. Complete recovery of cardiac function is possible if the effect of LAST disappears and complications are properly treated \[[@B3][@B12][@B27][@B28][@B29][@B30]\].

Although approximately 40% of LAST occurs non-specifically \[[@B27]\], CNS depression, especially loss of consciousness and seizures, are the most common (68--77%) characteristics of LAST \[[@B11][@B31]\]. According to the findings, LAST starts with changes seen in the CNS, and 1/3 cases show concurrent CVS symptoms, while 1/4 cases only present CVS disturbances \[[@B11]\] ([Fig. 1](#F1){ref-type="fig"}). While most incidences of LAST occur immediately after local anesthetics administration, recently published studies have reported cases of symptoms occurring few hours or days after the infusion of the drugs. Thus, more detailed and continued monitoring is necessary \[[@B32][@B33]\].

3. Predisposing factors
-----------------------

There are two predisposing factors for LAST: patient factors and drug factors. Patient factors include age, weight, consuming other medicines simultaneously, presence of other diseases, genetic factors, and mental status. Therefore, recording medical history before local anesthesia administration is required. It may be helpful to have the questionnaire written before the treatment and using it to collect the necessary information.

Some view age as the biggest risk factor in LAST \[[@B11]\]. Because neonates and infants have small number of enzymes decomposing local anesthetics, 15% reduced dose is injected in young infants \<4 months old. In elderly patients, drug accumulation increases due to the decrease in the metabolic organ perfusion and pharmacodynamic functions. Moreover, because of the reduction of skeletal muscle mass, which is a reservoir of local anesthetics, the risk of LAST increases in older patients. Thus, it is recommended to use 10--20% reduced doses of the recommended dose \[[@B34]\]. In pregnant patients, high concentration of local anesthetics in blood is observed due to reduced α-1 acid glycoprotein and increased cardiac output. Due to the combined effects of several factors, a reduction in the local anesthetics dose is recommended \[[@B35]\]. Because patients with renal disease, cardiac disease, or hepatic dysfunction have slower metabolism and delayed elimination of local anesthetics, there is increased plasma concentration and hence reduction of dose is recommended \[[@B15][@B36][@B37][@B38][@B39]\].

Drug factors include concentration of drug, dosage, route of administration, vascular distribution at the injection site, vasoconstriction, and pharmacokinetics factor. Local anesthetics currently sold in South Korea are amide-type (lidocaine, mepivacaine, bupivacaine, prilocaine, and articaine) and ester-type (procaine and tetracaine). The types, functions, and recommended doses of dental local anesthetics currently being sold in South Korea are summarized in [Table 2](#T2){ref-type="table"} \[[@B40][@B41]\]. Amide-type agents, especially lidocaine, are commonly used in most dental settings because they have the advantages of being fast-acting, causing fewer complications, and being reliable. Vasodilation is one of the pharmacokinetic characteristics of all local anesthetics, except cocaine. Hence, uptake is easy and the risk of LAST increases. Therefore, most dental local anesthetics are used along with a vasoconstrictor to decrease complications and increase duration. The blood concentration of local anesthetics influences the occurrence of LAST. There is a high tendency for LAST to occur if the local anesthetics are injected directly into the blood vessels, the injected dosage is high, the drug is fast absorbing, or the drug slows metabolism or excretion. Moreover, local anesthetics with high lipid solubility (e.g., bupivacaine) usually cause cardiovascular collapse more commonly than local anesthetics with low lipid solubility (e.g., lidocaine). Cardiac arrest due to bupivacaine toxicity, which is the most lethal toxicity due to local anesthetics, does not respond to cardiopulmonary resuscitation (CPR) \[[@B42]\].

4. Prevention
-------------

To prevent LAST, appropriate plasma concentration of local anesthetics is important, and hence the safe dosage of each local anesthetics should be known along with the risk factors of each patient must be assessed before injecting the appropriate dose ([Table 2](#T2){ref-type="table"}). Although the threshold of plasma concentration may differ in each patient \[[@B43]\], the doses in normal patients and in those with risk factors must be differentiated.

The dentists must also select the appropriate drug carefully. Because highly lipid-soluble bupivacaine has a tendency to induce a cardiovascular collapse \[[@B42]\], it must be used cautiously where other drugs cannot be used (e.g., lidocaine allergy). As levobupivacaine and ropivacaine show similar pharmacokinetics as bupivacaine, the safe dosage must be noted (2.0 mg/kg for bupivacaine, 2.5--3.0 mg/kg for levobupivacaine, and 3.0--4.0 mg/kg for ropivacaine) \[[@B4]\]. It is recommended that these drugs be avoided if there is a high possibility of intravascular injection, such as in the case of the inferior alveolar nerve block. There are also other prevention methods, such as needle aspiration, incremental injection (60 seconds or more for 1 mL injection), and use of vasoconstrictors.

It is most important to predict the risk factor and prevent the occurrence of LAST. Patient factors, such as old or young age and pregnancy must be understood and a dose lower than the recommended dosage must be injected. The injection should be slow at a rate of ≤ 1 mL/minute. During each injection, aspiration must be performed to avoid intravenous injection. Unless the patient has some serious cardiovascular disease, a vasoconstrictor must be used along with the local anesthetics. The choice for local anesthetics is equally important. Using lidocaine or articaine, which have relatively lower toxicity, instead of local anesthetics with relatively high lipid-solubility (e.g., bupivacaine) can help prevent LAST.

LIPID EMULSION TO TREAT LOCAL ANESTHETIC SYSTEMIC TOXICITY
==========================================================

1. Guidelines
-------------

Association of Anaesthetists of Great Britain and Ireland (AAGBI) and the American Society of Regional Anesthesia and Pain Medicine (ASRA) published safety guidelines on the toxicity of local anesthetics in 2010. Updated versions have been published by ASRA in 2012 and 2017.

Guidelines presented by AAGBI comprised of four steps: recognition, immediate management, treatment, and follow-up ([Fig. 2](#F2){ref-type="fig"}) \[[@B37]\]. In the first step of recognition, any sudden change in mental status or convulsion should be recognized as symptoms of CNS. For symptoms of CVS, bradycardia, conduction block on the electrocardiogram, or cardiac arrest or lethal arrhythmia should be identified. Because these symptoms could occur immediately after the injection as well as 12 hours later, continued monitoring is necessary. In the second step of immediate management, local anesthetics injection must be stopped as soon as the symptoms of LAST are identified, help must be requested, and intubation should be considered if needed to maintain the airway. Ventilation should be maintained with 100% oxygen. If acidosis occurs due to the toxicity of local anesthetics, compensating with hyperventilation is helpful. One must gain intravenous access and conduct laboratory investigations to treat the symptoms appropriately. If a seizure is active, benzodiazepine-type drugs (e.g., midazolam) or drugs used for anesthesia or sedation (e.g., thiopental or propofol) must be used in small doses to control the seizures. In the third step, the treatment should be different according to the given situation. In the case of an arrest, CPR should be performed quickly. Although toxicity due to local anesthetics is not permanent, when heart function may not recover for over an hour until the drug effect wears off, then cardiopulmonary bypass can be considered. While performing CPR, it is recommended to quickly prepare and inject lipid emulsion. The suggested dose of lipid emulsion to be injected while performing CPR is as follows: 20% lipid emulsion 1.5 mL/kg injected intravenously with bolus injection for about 1 minute, and 15 mL/kg/h infused continuously. If symptoms do not improve, 1.5 mL/kg bolus injection can be injected in 5-minute increments, and the speed of continuous infusion can be doubled. However, the total dose should not exceed 12 mL/kg. In the case of hypotension or arrhythmia without cardiac arrest, a conventional therapy should be performed. In the fourth step of follow-up, the patient should be transferred to a hospital where follow-up care is possible if the symptoms improve. The patient should be monitored for two days to check for pancreatitis using laboratory investigations for amylase or lipase.

The revisions made in the second update in 2012 \[[@B38]\] and the third update in 2018 \[[@B27]\] by the ASRA from the aforementioned 2010 AAGBI guidelines included that cardiac arrest due to LAST must be treated differently from other arrest situations. Although it is recommended that 1 mg of epinephrine be bolus-injected in other arrest situations, the epinephrine dosage should not exceed 1 µg/kg in an arrest situation caused by LAST. Vasopressin, calcium-channel blockers, beta-blockers, and other local anesthetics should be avoided. Additionally, the dosage of lipid emulsion should be altered. The dosage remained unchanged at 1.5 mL/kg for patients weighing \< 70 kg, whereas AAGBI recommended 100 mL of bolus injection for 2--3 minutes if the patient weighed ≥ 70 kg. This effectively means that the maximum dosage of lipid emulsion must not exceed 100 mL. Furthermore, it is important to note that the timing of the injection of lipid emulsion is slightly earlier in the revision. It is recommended that the use of lipid emulsion be considered immediately at the first sign of a serious LAST event.

2. Mechanism of lipid emulsion
------------------------------

Rosenblatt et al. \[[@B44]\] reported a case of successful recovery in a patient with cardiac arrest caused by LAST due to bupivacaine and mepivacaine, who was treated by injecting 20% lipid emulsion while performing CPR. Since then, many cases of LAST treated using lipid emulsion as an antidote have been reported \[[@B11]\].

There are several mechanisms of lipid emulsion presented. The "lipid sink" hypothesis, which claims that the drugs with high lipid-solubility are pulled from the tissue into the lipid emulsion, and the "metabolic effect" hypothesis, which claims that lipid emulsion reverses the local anesthetics\' inhibition of the fatty acid oxidation in the heart, are two of the most widely accepted hypotheses \[[@B45][@B46]\]. Evidence supporting the lipid sink hypothesis includes the fact that lipid emulsion absorbs more of the drug from the tissue to reverse its effect if the drug has higher lipid solubility, and that bupivacaine, which has higher lipid solubility than other local anesthetics, responds well to lipid emulsion therapy \[[@B45][@B47]\]. Furthermore, the reports that lipid emulsion is effective for treating toxicity caused not only by local anesthetics, but also by propranolol, verapamil, and amitriptyline could be related to the high lipid-solubility of these drugs \[[@B48][@B49]\]. Metabolic effect asserts that the lipid emulsion itself has cardiac contraction-promoting and metabolic effects. Bupivacaine inhibits fatty acid oxidation by suppressing the acylcarnitine exchange that is necessary for fatty oxidation to provide energy to the heart. Intralipid recovers fatty acid oxidation in the heart to recover from cardiac arrest due to toxic concentration \[[@B50][@B51][@B52]\]. These results could explain the mechanism of directly treating toxicity caused by local anesthetics, rather than the indirect function of the lipid sink \[[@B46][@B53]\].

CONCLUSION: LAST, LIPID EMULSION, AND DENTAL ANESTHETICS
========================================================

Although the cases of LAST caused by dental local anesthesia are rare, it can be a serious problem if appropriate steps are not taken. There are no statistical data on the frequency of LAST in dentistry yet. However, the risk of intravenous injection during the commonly performed inferior alveolar nerve block is relatively high (15.3%), and so is the subsequent risk of LAST due to this \[[@B54]\]. The frequency of the use of high-potency, ester-type local anesthetics like bupivacaine in dentistry is not high. Even among the amide-types, only lidocaine is commonly used, and the potency is not high \[[@B3]\]. The risk of LAST still exists even if amide-type anesthetics are used, and the risk is higher if amide-types cannot be used (e.g., lidocaine allergy).

Dentists who perform block anesthesia multiple times a day must be cognizant of the treatments for LAST in case of its occurrence. Fortunately, significant progress has been made after the introduction of lipid emulsion as an effective treatment for LAST. If a LAST event occur, the dentists should be accurately known about fast recognition, use of lipid emulsion depending on the situation, and follow-up to avoid catastrophic events during dental treatments.
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